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(54) PRODUCTION OF COMPLEX OXIDE 

(57)Abstract: 

PROBLEM TO BE SOLVED: To obtain a complex oxide having excellent occluding property by dissolving an 
organometallic compound or an inorganic metal compound of constituent elements into a solvent, directly drying 
or hydrolyzing and then drying the solution and baking the produced residue. 

SOLUTION: An organometallic compound such as tetra-iso-propoxytin is dissolved in a solvent such as 
isopropanol and the solution is hydrolyzed by dropping an aqueous solution of an inorganic metal compound such 
as KN03 or AI(N03)3.9H20 in an amount capable of giving a prescribed metal element ratio to the solution 
under stirring to produce the precipitate of a complex oxide precursor. Then, the precipitate is filtered and dried 
and baked at about 800-1200** C for 6hr in the air to provide the objective hollandite type complex oxide 
represented by the formula AyBxC8-x016 (A is an alkali metal element or an alkaline earth metal element; B is a 
divalent or trivalent metal element; C is a tetravalent metal element) and having <0.8 or >1.2 ion radius ratio 
(B/C) of the component element B to the component element C. 
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[Claim(s)] 

[Claim 1] The manufacture approach of the multiple oxide characterized by to calcinate the residue which dried 
after the difference of the ionic radius of the element to permute and the element permuted once dissolved this 
start raw material in the solvent and hydrolyzed the solution in the manufacture approach of a big multiple oxide, 
using the organometallic compound or the inorganic metallic compounds of said component element as a start 
raw material, while being accompanied by permutation installation of a component element, or dried as it is, and 
was obtained by it. 

[Claim 2] general formula AYBXC8-X016 (however, A= alkali metals or an alkaline-earth-metal element — ) B= 
divalent or a trivalent metallic element, C = It is the manufacture approach of the multiple oxide of the hollandite 
mold shown by the tetravalent metallic element The manufacture approach of said multiple oxide according to 
claim 1 characterized by calcinating the residue which was dried after once dissolving this start raw material in 
the solvent and hydrolyzing the solution, using the organometallic compound or the inorganic metallic compounds 
of a component element as a start raw material, or was dried as it is, and was obtained by it. 
[Claim 3] The manufacture approach of said multiple oxide according to claim 2 that ionic-radius ratio B/C with 
the component elements B and C of said multiple oxide is characterized by being 0.8 or less and 1.2 or more. 
[Claim 4] The manufacture approach of said multiple oxide according to claim 2 or 3 that the component 
elements B and C of said multiple oxide are characterized by being aluminum and Sn, respectively. 
[Claim 5] Said claims 2-4 to which said organometallic compound is characterized by being one or more sorts in 
the alkoxide of the component elements A, B, and C are the manufacture approaches of the multiple oxide a 
publication either. 

[Claim 6] Said claims 2-4 to which said inorganic metallic compounds are characterized by being one or more 
sorts in the nitrate of the component elements A, B. and C are the manufacture approaches of the multiple oxide 
a publication either. 

[Claim 7] Said claims 2-4 characterized by for said organometallic compound being the alkoxide of the 
component element C, and said inorganic metallic compounds being the nitrates of the component elements A 
and B are the manufacture approaches of the multiple oxide a publication either. 



[Detailed Description of the Invention] 
[0001] • 

[Field of the Invention] This invention relates to the manufacture approach of multiple oxides, such as a 
hollandite mold which it is occlusion-removable or can reduction remove the nitrogen oxides discharged from an 
automobile etc. in a hyperoxia ambient atmosphere. 
[0002] 

[Description of the Prior Art] Development of the approach of disassembling harmful matter, such as nitrogen 
oxides in the exhaust gas of an automobile, and removing in the environmental problem which poses a problem in 
recent years, serves as pressing need. As a catalyst for exhaust gas purification, the three way component 
catalyst which performs removal of a carbon monoxide, a hydrocarbon, and nitrogen oxides to coincidence is put 
in practical use. Generally the thing which made heat-resistant support, such as cordierite which carried out the 
coat of the gamma-alumina, support noble metals, such as Pd, Pt. and Rh, as such a three way component 
catalyst is used. 

[0003] However, by the lean burn engine and diesel power plant which burn in a hyperoxia ambient atmosphere, 
this three way component catalyst has the problem that it does not function effectively, for oxygen poisoning of 
noble metals. Moreover, although research of a zeolite is progressing as a catalyst which functions under a 
hyperoxia ambient atmosphere, it is not enough thermal resistance and in respect of a water resisting property. 
[0004] On the other hand, the oxide catalyst which is excellent in thermal resistance etc. is studied, and when 
especially a multiple oxide is compounded, there is an example from which catalytic activity higher than a single 
taste oxide is acquired (for example, refer to JP,7-2431 7,A). Moreover, apart from this, as a nitrogen-oxides 
removal method in a hyperoxia ambient atmosphere, occlusion of the nitrogen oxides is carried out to the 
occluded substance, nitrogen oxides are emitted in the case of combustion an overfuel (rich) and near the 
theoretical air fuel ratio (SUTOIKI), and how to carry out reduction removal using a three way component 
catalyst is considered in the field in which combustion is performed by fuel rarefaction (Lean), i.e., hyperoxia. 
[0005] 

[Problem(s) to be Solved by the Invention] A hollandite mold multiple oxide is mentioned as a candidate of the 
matter which removes [ occlusion-] or removes [ reduction-] the nitrogen oxides mentioned above. A hollandite 
mold multiple oxide is a general formula (it is the presentation which is the multiple oxide shown and permuted 
the tetravalent element C in part by the divalent or trivalent element B by AYBXC8-X016 (however, A= alkali 
metals or an alkaline-earth-metal element, B= divalent or a trivalent metallic element, C = tetravalent metallic 
element).). 

[0006] Usually, composition of a multiple oxide is performed by mixing and heat-treating the oxide of a 
component element. However, when compounding a hollandite mold multiple oxide, by such conventional 
approach, the heat treatment temperature of 1200 degrees C or more is needed, and since the specific surface 
area of synthetic powder is small, 1m2/g order as a result The activity of nitrogen-oxides removal is not low 
desirable (). [ Watanabe ] et al. and Proceedings of International Symposium on Environmental Issues of 
Ceramics, pp.1 61 -167, The Ceramics Society of Japan. 1995 reference. 

[0007] Although it is necessary to heat-treat at low temperature more in order to raise the activity of this 
nitrogen-oxides removal, and to compound the matter with a large specific surface area, the present condition is 
that such a manufacture approach is not developed yet This invention is made in order to solve said technical 
problem, and it aims to let the difference of the ionic radius of the element to permute and the element permuted 
offer.the manufacture approach of multiple oxides, such as a high hollandite mold of the manufacture approach, 
for example, the capacity to occlusion-remove or reduction remove nitrogen oxides in a hyperoxia ambient 
atmosphere, that a big multiple oxide can be manufactured easily. ^ 
[0008] 

[Means for Solving the Problem] In order to solve said technical problem, invention of claim 1 In the manufacture 
approach of a multiple oxide with the difference of the ionic radius of the element to permute and the element 
permuted big while being accompanied by permutation installation of a component element After once dissolving 
this start raw material in a solvent and hydrolyzing the solution, using the organometallic compound or the 
inorganic metallic compounds of said component element as a start raw material, make it dry, or it is made to dry 
as it is, and let the manufacture approach of the multiple oxide characterized by calcinating the residue obtained 
by it be a summary. 

[0009] This invention is widely applicable to multiple oxides, such as a perovskite mold and a spinel mold, besides 
a hollandite rhold multiple oxide. Even if the ionic-radius ratios (the element to permute / element permuted) of 
the element which said multiple oxide permutes, and the element permuted are 0.8 or less and 1.2 or more, a 
permutation is possible for them. 

[0010] invention of claim 2 — general formula AYBXC8-X016 (however, A= alkali metals or an alkaline-earth- 
metal element — ) B= divalent or a trivalent metallic element, C = It is the manufacture approach of the multiple 



oxide of the hollandite mold shown by the tetravalent metallic element. The organometallic compound or the 
inorganic metallic compounds of a component element is used as a start raw material. Once dissolve this start 
raw material in a solvent, after hydrolyzing the solution, make it dry, or it is made to dry as it is, and let the 
manufacture approach of said multiple oxide according to claim 1 characterized by calcinating the residue 
obtained by it be a summary. Specifically, a lithium (Li), sodium (Na), a potassium (K), a rubidium (Rb), caesium 
(Cs), calcium (calcium), strontium (Sr), and barium (Ba) are mentioned as a metallic element of A. Moreover, as B, 
magnesium (Mg). aluminum (aluminum), a scandium (Sc), chromium (Cr), iron (Fe), cobalt (Co), zinc (Zn), a gallium 
(Ga), a ruthenium (Ru), an indium (In), etc. are mentioned, and titanium (Ti). germanium (germanium), a zirconium 
(Zr), a ruthenium (Ru). tin (Sn), etc. mentioned as C 

[001 1] Moreover, as an organometallic compound of said component element, the alkoxide of a component 
element is mentioned preferably, and the nitrate of a component element is preferably mentioned as inorganic 
metallic compounds. As said solvent, organic solvents, such as alcohol, can be used, for example to an alkoxide, 
for example, organic solvents, such as distilled water or alcohol, can be used to a nitrate. 

[0012] After hydrolyzing the approach and solution which carry out evaporation to dryness after hydrolyzing the 
approach (a hydroxide changes with them to an oxide) and solution to which evaporation to dryness of the 
solution is carried out as it is as an approach of drying said solution and obtaining a solid-state, the approach of 
filtering and drying is mentioned. Although a hollandite mold multiple oxide is suitably obtained with it being 600 
degrees C or more as said burning temperature, it is 800-1 200 degrees C more preferably. 

[0013] Invention of claim 3 makes a summary the manufacture approach of said multiple oxide according to claim 
2 that ionic-radius ratio B/C of the component elements B and C of said multiple oxide is characterized by being 
0.8 or less and 1 .2 or more. 

[0014] Invention of claim 4 makes a summary the manufacture approach of said multiple oxide according to claim 
2 or 3 that the component elements B and C of said multiple oxide are characterized by being aluminum and Sn. 
respectively. Invention of claim 5 makes a summary the manufacture approach of any of said claims 2-4 to which 
said organometallic compound is characterized by being one or more sorts in the alkoxide of the component 
elements A, B. and C. or the multiple oxide a publication. 

[0015] Invention of claim 6 makes a summary the manufacture approach of any of said claims 2-4 to which said 
inorganic metallic compounds are characterized by being one or more sorts in the nitrate of the component 
elements A, B, and C, or the multiple oxide a publication. 

[0016] Said organometallic compound is the alkoxide of the component element C, and invention of claim 7 makes 
a summary the manufacture approach of any of said claims 2-4 to which said inorganic metallic compounds are 
characterized by being the nitrate of the component elements A and B, or the multiple oxide a publication. 
[0017] 

[Embodiment of the Invention] Invention of claim 1 is the manufacture approach of a multiple oxide with the big 
difference of the ionic radius of the element to permute and the element permuted while being accompanied by 
permutation installation of a component element. That is, according to this invention, since element mixing on 
nano meter level is possible, reactivity increases, elements which an ionic radius whose manufacture was not 
conventionally completed by it is large, and are different can be permuted, and, moreover, composition at low 
temperature is attained. Therefore, since the multiple oxide manufactured by making it the appearance has a big 
specific surface area, it has the outstanding engine performance, such as high occlusion engine performance. 
[0018] Invention of claim 2 is the manufacture approach of the multiple oxide of the hollandite mold shown by 
general formula AYBXC8-X016, and is characterized by using the solution of an organometallic compound or 
inorganic metallic compounds in the case of raw material mixing. By this, like said claim 1, since element mixing 
on nano meter level is possible, reactivity increases. Therefore, in composition of a hollandite mold multiple oxide, 
component elements which an ionic radius is large and are different can be permuted, and it is thought that 
composition at low temperature is attained. 

[0019] Next, the manufacture approach of this invention is arranged and is explained in more detail. It roughly 
divides into a part for the first portion of this invention, and there is a procedure of three following kind ** - *♦ in 
it. 

** Primary method First, weighing capacity of the organometallic compound of the component element C is 
carried out so that it may become a predetermined presentation rate, and it dissolves in an organic solvent. In 
this case, since it tends to melt that an organometallic compound is an alkoxide and organic solvents are 
alcohols, it is desirable, iso-propoxide, tert-butoxide, etc. can be used as an alkoxide and propanol. a butanol, etc. 
can be used as alcohol. Subsequently, weighing capacity of the inorganic metallic compounds of the component 
elements A and B is carried out so that it may become a predetermined presentation rate, and it is made to 
dissolve in distilled water. In this case, as for inorganic metallic compounds, it is desirable that it is a nitrate. And 
it is dropped at the solution of the organometallic compound which prepared the water solution of these inorganic 
metallic compounds previously, an organometallic compound is hydrolyzed, and a multiple oxide precursor is 



obtained- 

[0020] **'the second approach the organometallic compound of the component element C, and the inorganic 
metallic compounds of the component elements A and B — a predetermined presentation — it is also possible to 
carry out weighing capacity so that it may become comparatively, and to dissolve in an organic solvent at once. 
In this case, it is desirable like the approach of the aforementioned ** that an organometallic compound is an 
alkoxide and inorganic metallic compounds are nitrates. However, when a nitrate has a thing with water of 
crystallization and it is made to dissolve with an alkoxide, the water of crystallization may promote hydrolysis of 
an alkoxide. Therefore, the primary method is more desirable in order to obtain a homogeneous solution in such a 
case. And distilled water is added to this solution, hydrolysis or alkali, for example, aqueous ammonia, is added for 
a part, all are hydrolyzed, and a multiple oxide precursor is obtained. 

[0021] ** the third approach the organometallic compound of the component elements A, B, and C — a 
predetermined presentation — weighing capacity is carried out so that it may become comparatively, and it 
dissolves in an organic solvent. In this case, as for an organometallic compound, it is desirable like said approach 
that it is an alkoxide. This solution is hydrolyzed with distilled water and a multiple oxide precursor is obtained 
[0022] Subsequently, the multiple oxide precursor obtained by the approach of the aforementioned ** - ** is 
dried after evaporation to dryness or filtration, and it considers as a raw material constituent. In addition, it is 
also possible to carry out evaporation to dryness as it is. without hydrolyzing as mentioned above. This raw 
material constituent is calcinated above 600 degrees C, and the powder of a multiple oxide is obtained. As for 
burning temperature, it is more desirable that it is 800 degrees C - 1200 degrees C, the crystal of a hollandite 
generates enough in this temperature requirement, there is also no decomposition and what also has a large 
specific surface area is obtained. 

[0023] Thus, the obtained multiple oxide is a hollandite mold multiple oxide which has the outstanding activity 
which it is occlusion-removable or can reduction remove nitrogen oxides in a hyperoxia ambient atmosphere. In 
invention of claim 3. ionic-radius ratio B/C with the component elements B and C of a multiple oxide can adopt 
0.8 or less and 1.2 or more things. 

[0024] Here, the ionic radius of each element can choose the combination set to W.D.Kingery et 
al."lntroductionto Ceramics 2 nd Edition"table 2.3 and P.58 (1976) said within the limits using the thing of a 
publication. A permutation becomes difficult as the difference of the ionic radius of the element B to permute and 
the element C permuted becomes large in composition of the multiple oxide accompanied by permutation 
installation of an element like a hollandite mold multiple oxide. Although ionic-radius ratio B/C of B and C was 
not able to compound the target multiple oxide by the conventional approach especially the case (for example. 
B=aluminum, C=Sn. aluminum3+/Sn4+=0.77) of 0.8 or less and 1.2 or more, it is realizable by the manufacture 
approach of the multiple oxide according to claim 2 mentioned above. 

[0025] In invention of claim 4, aluminum and Sn are employable as component elements B and C of a multiple 
oxide, respectively. In invention of claim 5, it can be used as an organometallic compound, being able to choose 
one or more sorts in the alkoxide of the component elements A. B, and C. In addition, about the component 
element which is not used as an organometallic compound, it is used as inorganic metallic compounds. 
[0026] In invention of claim 6, it can be used as inorganic metallic compounds, being able to choose one or more 
sorts in the nitrate of the component elements A, B, and C. In addition, about the component element which is 
not used as inorganic metallic compounds, it is used as an organometallic compound. In invention of claim 7, as an 
organometallic compound, the alkoxide of the component element C can be adopted and the nitrate of the 
component elements A and B can be adopted as inorganic metallic compounds. 
[0027] 

[Example] Hereafter, an example is given and explained about the manufacture approach of the multiple oxide of 
this invention. 

(Example 1) The manufacture approach (said primary method) of the hollandite mold multiple oxide of this 
example is the manufacture approach of K1.8aluminum1.8Sn 6.2016 which uses aluminum and Sn as a base- 
metal element, and is set to X=Y=1.8. using K as an alkali metal. 

[0028] First, weighing capacity of tetra — iso-propoxy tin (Sn4 (i-OPr)), a potassium nitrate (KN03), and the 
aluminium nitrate (aluminum(N03) 3.9H20) was carried out so that metallic element ratio K:aluminum:Sn might be 
set to 1.8:1.8:6.2. Tetra — iso-propoxy tin was dissolved at 80 degrees C into isopropanol. Stirring this solution, 
distilled water which dissolved the potassium nitrate and the aluminium nitrate was dropped gradually, it 
hydrolyzed. and precipitation was made to generate. Evaporation to dryness of the generated settlings was 
carried out at 100 degrees C. and the alumina mortar ground and it considered as the raw material constituent. 
[0029] This was calcinated at 800 degrees C among atmospheric air for 6 hours, and the multiple oxide of the 
hollandite mold of K1.8aluminum1.8Sn 6.2016 of this example was obtained. In addition, when the specific surface 
area of the obtained synthetic powder was measured with the BET adsorption method, they were 32.7m2/g and a 
very big value. And it checked that it was hollandite phase single phase by performing a powder X diffraction to 



the matter obtained by carrying out in this way. The X diffraction chart as a result of this X diffraction is shown 
in drawinfif 1 , 

[0030] In addition, since having checked under a microscope etc. was impossible, it checked that it was this 
hollandite phase single phase using being the same as the peak pattern of KTi 8016 shown in a JCPDS card (41- 
1097). 

(Example 2) The manufacture approach (said second approach) of the hollandite mold multiple oxide of this 
example is the manufacture approach of K1.6aluminum1.6Sn 6.4016 which uses aluminum and Sn as a base- 
metal element and is set to X=Y=1.6. using K as an alkali metal. 

[0031] First weighing capacity of tetra — iso-propoxy tin (Sn4 (i-OPr)), a potassium nitrate (KN03X and the 
aluminium nitrate (aluminum(N03) 3.9H20) was carried out so that metallic element ratio K:aluminum:Sn might be 
set to 1.6:1.6:6.4. These were dissolved at 80 degrees 0 into isoHsopropanol. Under the present circumstances, 
the white precipitation considered to be Sn (0H)4 carried out minute amount generation. Stirring this solution, 
distilled water was dropped gradually, it hydrolyzed and precipitation was made to generate. Evaporation to 
dryness of the generated settlings was carried out at 100 degrees C, and the alumina mortar ground and it 
considered as the raw material constituent. 

[0032] This was calcinated at 800 degrees C among atmospheric air for 6 hours, and the multiple oxide of the 
hollandite mold of this example was obtained. 

(Example 3) The manufacture approach (said third approach) of the hollandite mold multiple oxide of this example 
is the manufacture approach of K2.0aluminum2.0Sn 6.0O16 which uses aluminum and Sn as a base-metal 
element and is set to X=Y=2.0. using K as an alkali metal. 

[0033] First weighing capacity of tetra — iso-propoxy tin (Sn4 (i-OPr)), an iso-propoxy potassium (K (i-OPr)), and 
the tree iso-propoxy aluminum (aluminum3 (i-OPr)) was carried out so that metallic element ratio K:aluminum:Sn 
might be set to 2.0:2.0:6.0. These were dissolved at 80 degrees 0 into iso-isopropanol. Subsequently, distilled 
water was dropped gradually, it hydrolyzed and precipitation was made to generate. Evaporation to dryness of the 
generated settlings was carried out at 100 degrees 0. and the alumina mortar ground and it considered as the 
raw material constituent. 

[0034] This was calcinated at 1000 degrees C among atmospheric air for 6 hours, and the multiple oxide of the 
hollandite mold of K2.0aluminum2.0Sn 6.0O16 of this example was obtained. In addition, when the specific surface 
area of the obtained synthetic powder was measured with the BET adsorption method, they were 40.8m2/g and a 
very big value. And it checked that it was hollandite phase single phase by performing a powder X diffraction like 
said example 1. The X diffraction chart as a result of this X diffraction is shown in drawing 2 . 
[0035] (Example 1 of a comparison) Next the manufacture approach of the example of a comparison of this 
invention out of range is explained. Weighing capacity of tin oxide (Sn02). potassium carbonate (K2C03). and the 
aluminum oxide (aluminum 203) was carried out so that metallic element ratio K:aluminum:Sn might be set to 
1.8:1.8:6.2. and they carried out wet blending with the ball mill with ethanol for 16 hours. This was dried and it 
considered as the raw material constituent through the screen of 250 micrometers of openings. Only Sn02 phase 
was checked, when this was calcinated at 800 degrees C among atmospheric air for 6 hours and the X diffraction 
was measured. This X diffraction chart is shown in drawing 3 . 

[0036] That is, although the ingredient containing the component which constitutes a hollandite mold multiple 
oxide was used in the example 1 of a comparison, a hollandite mold multiple oxide was not able to be 
manufactured by this approach. 

(Example 2 of a comparison) Only Sn02 phase was checked, when the raw material constituent prepared by the 
approach of the example 1 of a comparison was calcinated at 1200 degrees 0 among atmospheric air for 6 hours 
and the X diffraction was measured. This X diffraction chart is shown in drawing 4 . 

[0037] That is, a hollandite mold multiple oxide was not able to be manufactured by the approach of this example 
2 of a comparison, either. Thus, by the manufacture approach of the examples 1-3 mentioned above, although it 
was clear that the multiple oxide of a hollandite mold can be manufactured, the multiple oxide of a hollandite mold 
was not able to be manufactured by the manufacture approach of said examples 1 and 2 of a comparison of this 
invention out of range. 

[0038] Moreover, since the multiple oxide of the hollandite mold obtained by the manufacture approach of the 
examples 1-3 mentioned above is formed at low temperature, the specific surface area is large and. therefore, it 
is effective in excelling in capacity, such as occlusion of nitrogen oxides, and reduction. In addition, as for this 
invention, it is needless to say that it can carry out in various kinds of modes by within the limits which is not 
limited to said example and does not deviate from the summary of this example. 
[0039] 

[Effect of the Invention] Like, even when the ionic radii of not only the multiple oxide of a hollandite mold but the 
element which was difficult to manufacture and to permute differ greatly conventionally by [ which were explained 
in full detail above ] adopting the manufacture approach of the multiple oxide invention of claim 1, the remarkable 



effectiveness that a multiple oxide can be obtained easily is done so. 

[0040] Although the ionic radii of the metallic elements B and C permuted by adopting the manufacture approach 
of the multiple oxide invention of claim 2-7 differ greatly, the multiple oxide of a hollandite mold can be 
manufactured easily. Moreover, since it becomes possible to compound at low temperature according to this 
manufacture approach, specific surface area can be enlarged and, therefore, the powder of the multiple oxide of 
the hollandite mold excellent in the occlusion of nitrogen oxides or the capacity of reduction can be obtained. 
[0041] Therefore, the hollandite mold multiple oxide obtained by this manufacture approach is useful to the 
occlusion removal or reduction removal of nitrogen oxides included in the exhaust gas from the lean burn engine 
which burns under a hyperoxia ambient atmosphere, or a diesel power plant. 



